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Abstract 
Agriculture in Morocco has always been a strategic sector for the socio-economic development of the country. Since the country's 
independence, the agricultural sector has undergone many agricultural and rural development programs and structural reforms to 
enable the country to achieve food security and contribute to the economic growth. 
Fertilizer use in Morocco is still low and covers barely 50% of the real needs. Also, the quantities used in average are well below 
the recommended ones. The mean consumption is about 50 kg fertilizers/ha with excessive application in some areas. Given this 
fact, fertilizer use must increase in order to reverse the current trends of low crop productivity and land degradation.  
Soils and soil fertility research conducted in Morocco have played a major role in the improvement of fertilizer use. Initial efforts 
focused on the identification of nutrient constraints in the field, mainly nitrogen and phosphorus. However, despite such 
developments, the impact at farm level is still far from satisfactory in terms of yield increases.  
IPNI North Africa is focusing on the implementation of the concept of 4R Nutrient Stewardship by conducting research platforms 
on efficient use of fertilizers through the evaluation of fertilizer sources and their application rates and time in dryland and irrigated 
agriculture under Mediterranean climatic conditions. 
The approach is the integrated plant nutrition approach which seeks to improve nutrient-use efficiency, to build up nutrient stocks 
in the soil, and to limit losses to the environment. 
During the last two years, several research platforms were conducted in such a way to cover different agro-ecological zones, soil 
types and cropping systems in order to establish fertilizer recommendations for crops base on the cropping system practiced. Also, 
brochures, training materials and pocket guides on best management practices were developed. In addition to training, field days 
and farmers field schools. 
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Research platforms concerned both cereal and olive tree production systems. Fifty platforms on cereals have been conducted in 
four different regions in Morocco and one region in Algeria and four platforms on olive trees two in Morocco and two in Tunisia. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The agricultural sector is vital to the economy of the Maghreb Countries, since its contribution to the GDP is about 
17, 8 and 11% depending on climatic conditions of the season and contributes to the employment of 43, 35 and 33% 
of the rural population respectively for Morocco, Algeria and Tunisia. As an indication in Morocco, the reduction of 
the agricultural GDP by 45% in 1995 induced a 12.4% reduction in the total GDP and the improvement of agricultural 
GDP by 58% in 1996 increased the total GDP by 14%. Also, this sector participates up to 30% in export revenue and 
in creating jobs for 50% of the total population and 80% of the rural population.  
The area of arable land in Morocco is estimated to 8.4 million hectares which represents approximately 18.8% of 
the total area of the country, more than 80% is rainfed agriculture. The structure of agricultural property is 
characterized by the presence of both small and large farms. The farm holdings are generally small (less than 5 ha) 
and frequently in fragmented parcels and represent 70% of the total number of farms. 
The improvement of standard living in rural area requires the improvement of agricultural production. The adoption 
of appropriate technical practices including adapted fertilizer application will contribute to appreciable yield 
improvement. 
Fertilizers use in North Africa region is highly variable between countries. Among the seven countries of the NA 
IPNI Program, Egypt is the biggest consumer of fertilizers (average 500 kg/ha). The fertilizer use in other countries 
barely covers 30 to 50% of the real need (average 50 kg/ha). Also, the quantities used in average are well below the 
recommended ones. Given this fact, fertilizer use must increase in order to reverse the current trends of low crop 
productivity and land degradation and contribute to the goal of the respective national agricultural strategies.  
Soils and soil fertility research conducted in different countries have played a major role in the improvement of 
fertilizer use. Initial efforts focused on the identification of nutrient constraints in the field, mainly nitrogen and 
phosphorus. Another major effort involved the establishment of a soil test calibration program network for North 
Africa and West Asia in 1985 involving ICARDA and the national research system (INRA), to provide a rational basis 
for fertilizer use in the field and to stimulate awareness of potential value of soil testing as a basis for fertilizer 
recommendations. 
2. Objectives of the program 
The general objectives of IPNI North Africa Program are the implementation of the concept of 4R Nutrient 
Stewardship by conducting research platforms on efficient use of fertilizers through the evaluation of fertilizer sources 
and their application rates and time under dryland agriculture conditions, training and awareness of the importance of 
plant nutrition, development of techniques for Better fertilizer recommendations to boost productivity, economic 
returns, and environmental stewardship, the evaluation and adoption of Nutrient Expert Model for fertilizer 
recommendation and the development of training materials and brochures on 4R stewardship and the importance of 
nutriments for different crops.  
3. Research Program and activities 
The main activities of the program concern the promotion of IPNI in the North Africa region and the development 
of 3 to 5 years strategy through the organization of a regional workshop, development of a Research program on 
fertilization management on cereals and olive trees, production and translation of brochures, booklets and posters in 
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French and Arabic languages and training for extension staff and commercial agents of private companies on best 
nutrient management practice of fertilizers and 4R Nutrient Stewardship. 
4. Nutrient Expert Model 
Forty omission plot trials were conducted in four regions of Morocco; the semi-arid region represented by Abda, 
the intermediate represented by Chaouia, favorable represented by Sais and irrigated area represented by Tadla. Also, 
three omission plot trials were conducted respectively in Algeria and Tunisia. These platforms are used for the 
development of database on nutrient input and removal for the agricultural areas of Morocco, Tunisia and Algeria, the 
development of indicators concerning partial nutrient balance, partial factor productivity, nutrient balance intensity 
and agronomic efficiency for N, P and K, the determination of soils nutrients supply capacity to crops, and the 
validation of the Nurient Expert Model. 
5. Assessment of Nutrient Status of Olive Orchard 
The assessment of the nutrient status of rainfed and irrigated olive orchards is done by conducting surveys and on-
farm research in Tunisia and Morocco. The data collected will be used for the development of a decision support 
system for fertilizer management of olives. The main objective is to develop fertilizer recommendations for olives 
based on the crop nutritional status using DRIS method.  
The preliminary results of the survey conducted in Morocco showed that in Irrigated areas more than 90% of olive 
trees are deficient in potassium, phosphorus and magnesium in both irrigated and rainfed systems (Figure 1) 
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Figure 1. Nutrient status of olive trees 
 
In Tunisia, 23 sites were selected; 7 in rainfed olive orchards, 7 in intensive olive orchards and 9 in hyper intensives 
olive orchards. Results showed that in rainfed the deficiencies in N, P and K were 57, 14 and 28% respectively, and 
for intensive and hyper-intensive orchard, there were no deficiencies but an excess of K nutrition.  
6. Field Days and Farmer Field School 
A field based training field school for farmers and extension agents were organized in an on-farm demonstration 
site with the participation of 50 farmers and 32 extension agents. 
Eight field days were organized in four regions around the omission plot trials, four before planting and 4 at 
elongation growth stage of cereals. 
These field days were characterized by the participation of more than 120 participants per site including farmers, 
representatives of the ministry of agriculture, extension services, OCP, OCP Foundation, fertilizer dealers and 
335 Mohamed El Gharous and Hakim Boulal /  Procedia Engineering  138 ( 2016 )  332 – 336 
distributors, and scientists. Farmers represented more than 71% followed by extension agents and fertilizer dealers 
with 24%. 
 
  
  
7. Training and educational materials 
During these two years of existence, the IPNI North Africa Program has developed and published a number of 
brochures and educational materials on the importance of N, P and K in cereals, olive trees and chickpea and deficiency 
symptoms. Many training courses on Nutrient Expert Model and the importance of fertilizers in plant nutrition were 
organized for extension agents and OCP/OCPF agronomists.  
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8. Conclusion 
Though most trials are in their first year, results from surveys conducted have shown the importance of nutrients in 
improving production and productivity for both cereals and olive trees.  
Farmer’s field school and field days organized have contributed to the awareness of the importance of nutrient 
management and the promotion of IPNI in the North Africa Region. 
9. Perspectives 
Attention should be given to nitrogen management; in fact, many questions are raised by farmers concerning the 
difference between urea and ammonium nitrate as nitrogen sources. Farmers are somewhat confused what to use as 
side dressing on cereal crops (at tillering and or elongation/booting growth stages). As communication, we need to 
develop pamphlet or brochures that explain clearly the difference between the two sources and conditions of use.  
Another concern is potassium; the common conception of farmers is that soils are rich in potassium and there is no 
need to apply K in rainfed crops. Lately, soil analyses results have shown that some soils are deficient and K is needed 
for many crops knowing that its shortage affects crop production and quality. Some farmers are aware of that but they 
don’t apply it because it is too. Communication on this subject to increase potassium fertilizer use will be difficult for 
rainfed annual crops unless we come up with a cheaper product.  
Information about nutrients management in fruit trees is variable depending on the species. For example, for olive 
orchard; there is a lot of information on genetic, pest management but no information on nutrient management. 
Besides, most farmers don’t apply any mineral fertilizer. 
However, in citrus trees besides genetics and plant protection, a lot of work has been done on individual nutrient 
needs. The concern is problem of nutrient losses and their impact on soil and ground water. Program on nutrient 
management and 4R stewardship, need to be developed.  
Palm trees another area where lot of work on nutrient management is needed. In fact, there is no information on 
nutrient needs, in spite of the importance of the crop not only for North Africa but also in the Middle-East.  
 
